This article extends the debate initiated by Slottje (1991, 1994) and Gamber and Sorensen (1994) in this journal about whether the net discount ratio can be described as a stationary process. Haslag, Nieswiadomy, and Slottje found discount ratios to be stationary. Gamber and Sorensen concluded that they are nonstationary; however, they identified the source of the nonstationarity as a single shift in the mean of the series. Using the Cochrane variance ratio and Campbell-Mankiw decomposition tests, the authors find that the net discount ratio follows a trend stationary process. However, to determine the degree or level of persistence, Lo's Modified R/S Analysis (1991) is used. The authors find that the relative importance of any mean shift is a function of the duration of the discount period for expected earnings.
INTRODUCTION
Because forensic economists generally use historical averages to forecast the net discount ratio, an important question is whether net discount ratios are stationary over a sustained period of analysis. Shocks to a stationary time series may be temporary. If such is the case, the time series will revert to its long-term mean level (i.e., mean reversion) and the long-term forecast of a stationary time series will converge to its unconditional mean.
In 1991, Haslag, Nieswiadomy, and Slottje generated results consistent with the hypothesis of a stationary discount ratio and concluded that a real net discount ratio can be used with confidence to forecast the present value of expected earnings. How-ever, Gamber and Sorensen (1994) believed the Haslag, Nieswiadomy, and Slottje results were "critically dependent upon the specification of the unit root test they performed" and suggested their tests had not adequately eliminated the serial correlation from the residuals. Using alternative unit root tests with the higher number of lags, they found in favor of a nonstationary series; however, they noted that a single shift in the mean of the series appeared to be the source of the nonstationarity. Ultimately, Gamber and Sorensen argue that the optimal mean to apply in discounting should be the one enduring since the last shift and not the grand mean used in unit root (Dickey-Fuller) tests. In response to the comment by Gamber and Sorensen (1994) , Haslag , Nieswiadomy, and Slottje (1994) present alternative unit root tests by Phillips and Perron (1988) and Stock and Watson (1988) that reject the null hypothesis of a unit root in the net discount ratio. Moreover, Haslag, Nieswiadomy, and Slottje (1994) contend that when data are expanded through the 1993 time period one observes the net discount ratio appears to be reverting to its full sample mean. Furthermore, they state, "In the case of the net discount ratio, the series has some persistence and can (temporarily) deviate from its mean for periods long enough to appear to have experienced a permanent shift. Indeed, an 'optimal' forecast of the net discount ratio should take this persistence into account" (1994, p. 57) .
A visual examination of Figure 1 , a plot of the net discount ratio from 1964:2 through 1998:12, appears to support the Haslag, Nieswiadomy, and Slottje reply to Gamber and Sorensen. That is, the mean of the series was rising and approaching the overall mean in the original study in the 1964 through 1988 period. The shift to a lower mean between 1979:10 and 1980:1, which Gamber and Sorensen believed to be the source of the nonstationarity in the series, does appear to be a transient shift. However, this may have substantially affected the net discount ratio during the 1980 through 1988 period. Certainly no definitive statements should be made from a cursory visual examination of the series.
The purpose of this article is to provide the forensic economist with empirical evidence as to the validity of the use of historical averages across a set of different discount periods. The practical question is whether the forensic economist can disregard temporary shifts in net discount ratios, and the underlying concern is the degree of persistence in these ratios. If the discount period for an evaluation is brief, then temporary "shocks" may be relevant and historical averages may prove to be inappropriate. However, for the more typical evaluations of 20 to 30 years, historical averages may prove to be appropriate if net discount ratios are deemed persistent. After testing for stationarity via Cochrane's (1988) variance ratio and Campbell-Mankiw (1987) decomposition methods, the authors use Lo's Modified R/S analysis 1 to determine the time horizon(s) where temporary shocks/shifts would make the use of historical averages suspect. 1 Lo's technique (1991) has been used in several studies regarding the degree of persistence in financial series. 
EMPIRICAL ANALYSIS

Data Series
Real net discount ratios for the February 1964 through December 1998 period are generated in the same manner as the earlier studies. The ratios are based on threemonth, six-month, one-year, and three-year Treasury securities, the change in the priceadjusted average hourly wage for nonagricultural workers, and the growth in the CPI. The observations through 1998 were included to determine whether the mean of the net discount ratio series continued to rise.
Net Discount Ratio, 1964 Ratio, :02-1998 NET 1 YR Net Discount Ratio, 1964 :02-1998 :12 NET 3 YR Net Discount Ratio, 1964 :02-1998 The final net discount ratio series consists of 419 observations (months). The first month (January 1964) is lost with the computation of the difference in wages. The real net discount ratios are computed as follows:
where r = ( ) ( ) 1/11 i p ++− g = the growth in real wages, i = the nominal interest rate, and p = the inflation rate.
Variance Ratio and Decomposition Tests
A time series can be decomposed into a temporary and a permanent component. The purpose of applying the Cochrane variance ratio test and Campbell-Mankiw decomposition test is to estimate the size of the random walk or permanent stochastic trend component in the net discount ratio. Cochrane (1988) provides a method of measuring the degree of persistence in a time series, known as the "Cochrane variance ratio test," defined as follows:
where k is the length of the difference horizon and Y t is the net discount ratio. This variance ratio compares the variance of the kth difference of the net discount ratio to k times the variance of the first difference of the net discount ratio. When the net discount ratio follows a random walk, the variance of the net discount ratio increases proportionally with k, the difference horizon. If the variance of (Y t -Y t-k ) is equal to k times the variance of (Y t -Y t-1 ), the variance ratio is one (i.e., a pure random walk). When the net discount ratio is a pure trend stationary process, the variance ratio approaches zero as k, the difference horizon, approaches infinity. Thus, if the net discount ratio is stationary around a deterministic trend, shocks to the net discount ratio will not be persistent, and estimates of the variance ratio, V k , will be close to zero. However, zero and one do not strictly bound the variance ratio. Variance ratios less than one imply that some negative serial correlation is present, while a variance ratio greater than one implies positive serial correlation.
According to Campbell and Mankiw (1987) , the variance ratio given by Equation (1) exhibits a downward bias; thus, the measurement of persistence should be corrected by multiplying the variance ratio by ( )
where T is the number of observations and k is the difference horizon. Moreover, Lo and MacKinlay (1988) provide a Z statistic to test the null hypothesis of a random walk. Following Lo and MacKinlay (1988) and the assumption of homoscedasticity, the asymptotic variance of the V k statistic is given as follows:
However, before employing the variance ratio test the size of k, the difference horizon, must be determined. Lo and MacKinlay (1988) recommend that the power of the variance ratio test is preserved, compared to standard unit root tests, when k is less than one-half of the sample size. The authors compute variance ratios for 12-month increments from 12 to 108 months.
An alternative to the Cochrane variance ratio test to measure persistence has been proposed by Campbell and Mankiw (1987) . Campbell and Mankiw assume that the change in a time series is a stationary process, which can be represented by a moving average process as follows:
where ε t is a white-noise error process and A(L) is an infinite order polynomial in the lag operator. As shown by Campbell and Mankiw (1987) , A k is the impact of a shock in period t on the growth rate of the time series in time t + k. Thus, the impact of the shock on the level of the time series in t + k is 1 + A 1 + A 2 + . . . + A k . The infinite sum of these moving average coefficients, A(1), is the ultimate impact of the shock on the level of the time series. According to Campbell and Mankiw, A(1) is the measure of persistence. The Campbell-Mankiw decomposition test employed is given by the following:
where V k is the Cochrane variance ratio statistic and r 1 2 is the square for the first autocorrelation of the first difference in the net discount ratio. Therefore, A(1) should be equal to one for a pure random walk and zero for a stationary series around a deterministic trend. Table 1 reports the results of the Cochrane variance ratio and Campbell-Mankiw decomposition tests for the real net discount ratios. In every case, the variance ratios, V k , are statistically significantly less than one as reflected by the negative and significant Z statistics. Moreover, the variance ratios decrease toward zero as the difference horizon, k, increases. The behavior of the variance ratios is indicative of a mean-reverting stationary process the fluctuations of which are largely temporary. The Campbell-Mankiw decomposition test results in Table l , A(1), confirm the findings reported by the Cochrane variance-ratio tests.
In the case of the net discount ratios, there appears to be a low degree of persistence with respect to net discount ratio fluctuations. In all cases, the variance ratios associated with the net discount ratio are less than one-half, suggesting more than 50 percent of the observed fluctuations in the net discount ratios are temporary. In general, the various net discount ratios reflect a trend stationary process with mean reversion. In calculations for the present value of future earnings, an important question is whether net discount ratios are stationary over a sustained period of analysis. The Lo modified R/S analysis to follow will address this concern.
LO'S MODIFIED R/S ANALYSIS
The extent of any persistence will be examined using Lo's Modified R/S Analysis (MRSA), a test for long-term memory effects versus short-term memory alternatives (such as ARCH effects or non-normality). The MRSA test also provides a robust measure with respect to short-term dependence or autocorrelation, non-normality, and heteroskedasticity.
To apply MRSA, the deviation from the mean for all of the discount ratios in a given series is computed as:
where D t = accumulated deviation from the mean in period t, r t = the discount ratio in period t, and r m = mean discount ratio for all n observations (periods).
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The range of the accumulated deviations, the difference between the maximum and minimum cumulative deviations for the discount ratio series, is then calculated as:
The modified R/S statistic proposed by Lo (1991) is as follows:
The test for persistence or a long-memory effect is performed using the standardized
S t is derived from a variance estimator, the sum of the sample variance plus a weighted sum of the autocovariance terms for a specified truncation lag value (q) as follows:
where: S x 2 = sample variance, Thus, the S t value is based on a variance estimator that is "robust to many forms of heterogeneity and weak dependence" (Lo, 1991 (Lo, , p. 1293 ). This measure, unlike the classical rescaled range, can distinguish between short-range and long-range dependence. Table 2 shows the results from applying the MRSA to the selected discount ratio series. The 17 lags correspond to the maximum lag length suggested by Gamber and Sorensen (1994) . These findings strongly suggest that all four of the discount ratio series analyzed with the MRSA exhibit significant persistence.
Moving Windows Tests
To determine whether persistence is found as well for shorter periods, the four ratio series are examined via the MRSA across subperiods of five, ten, and 20 years. For example, the first set of tests used five-year (or 60-month) moving windows starting with observations (months) 1 through 60. Next, the MRSA is applied to the group of five-year subsets starting with observations 13 through 72. This process is repeated until all five-year windows have been tested. This sequential procedure was then applied to ten-year and 20-year subperiods/moving windows. Various other subperiods were examined and the results were virtually identical to those reported in Table 2 . For example, subsets were generated starting with observations (months) 6, 18, and so on. These different starting points were repeated for all five, ten, 15, and 20-year subperiods. For the 30 possible moving windows using a five-year span, there were only six subperiods with memory effects longer than two months for all four discount ratios. Most of these lags were marginally significant (10 percent level). With such a small percentage of moving windows possessing significant persistence, any mean shifts are very important.
For the ten-year spans, substantial persistence is found, but several interesting results arise. No persistence is noted in 11 of the 25 possible windows; but seven of these are early spans (1964 to 1972) . From January 1972 to August 1973, the authors note an extreme swing in the levels for all series. This large change nullifies the associated long-memory effects, or persistence. However, after this period of abrupt shift in the level of the ratios, 14 of the remaining 18 windows show persistence. Even though subsequent shifts of lesser magnitude are evident, long-memory effects were not affected. Therefore, the forensic economist would need to take relatively large shifts of this magnitude into account even though they may be temporary.
Significant persistence was present in all of the 20-year moving windows. For the purpose of discounting, these results suggest that mean shifts in longer time frames are of little or nominal importance.
In addition to using sequential moving windows, nonoverlapping time spans are also selected to present several scenarios in our assessment of the sensitivity of persistence to period length.
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Three subperiods selected for the purpose of illustration are as follows:
• February 1964 to January 1983, the first 20 years of the ratio series In all three scenarios (Table 3) , persistence tests involving 20-year windows were highly significant (1 percent level) for the four ratio series. Results from the tests for the fiveyear and ten-year windows exhibited similar patterns. Although the significant lags do not match up exactly, the conclusions are similar to those using overlapping periods. 
Ten-Year Windows
Dec-98 through Jan-89 1-4 1-3 1 1 Dec-88 through Jan-79 1-11 1-11 1-9 1-9
Scenario 3 3 month 6 month 1 year 3 year
Five-Year Windows
Feb-69 through Jan-74 4-8 6-8 8 8
Ten-Year Windows
Feb-64 through Jan-74 5-7 Feb-84 through Jan-89 Jan-94 through Dec-98 1-8 1-8 1-7 1-6
SUMMARY AND CONCLUSIONS
Previous studies, using unit root tests, produced conflicting findings about the stationarity or persistence of the real net discount ratio. This study begins by using the Cochrane variance ratio and Campbell-Mankiw decomposition tests to determine whether the various net discount ratios follow a trend stationary process. The results based on these tests suggest the net discount ratios are indeed trend stationary with mean reverting properties. However, to determine the degree or level of persistence, the authors use Lo's Modified R/S Analysis to test for "persistence," or a long-memory effect, in the net discount ratios. This test is robust with respect to shortterm dependence or autocorrelation, non-normality, and heteroskedasticity. The results of this study offer further support for the findings of earlier studies regarding the stability of discount ratios. That is, the relative importance of any mean shift is a function of the length of the period that the expected earnings are being discounted.
Any significant transient short-term shifts in these series must be taken into account if the present value calculations are relatively short term, for instance about five years. If a significant shift in net discount rates were indicated by any of the stationarity tests, then a "current" mean, which incorporates this shift, would be more appropriate than the historical mean. Under these conditions, the effects of the shift (even if temporary) will undoubtedly be embedded for an evaluation using a time horizon of five years or so. Perhaps a higher-order smoothing technique could be used to determine a justifiable net discount rate. For longer periods of around ten years, only the mean shifts that are extremely large appear to affect the persistence of the net discount ratios. The same smoothing methods used for shorter time horizons should be considered for the immediate time span.
If the present value calculations are for a relatively long period, say about 20 years, the historical net discount ratio series are valid and can be used with confidence. These findings provide the forensic economist with a valuable set of guidelines for using the net discount ratios in present value calculations.
